ANNEX 1 TO APPENDIX A

Comparing Motorola’s Solution 1 and the FCC’s Proposed Allocation Table
Differences in Proposed DTV Allotments
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APPENDIX B
TV Interference To Land Mobile
ABSTRACT

The potential interference from a DTV transmitter operating co-channel and or adjacent-
channel into Land Mobile (LM) receivers has been computed, and severe interference can
result from station allotments by the Commission in the Sixth Further Notice of
Proposed Rule Making in MM Docket No. 87-268. There are economically viable
technological solutions that can be applied to reduce such interference to acceptable levels in
most cases. Therefore, it is recommended that the existing FCC rule Section 73.687(E)(4)
be extended to apply to all new TV stations operating on TV channels 14-21.

1.0 INTRODUCTION

The FCC has proposed that DTV channels be allocated in TV channels 14 through 21. In
the Sixth Further Notice, FCC 96-317, it states:

We will therefore continue to propose to permit DTV stations to operate at co-
channel and adjacent channel spacings to the city-center of land mobile
operations as close as 250 km (155 miles) and 176 km (110 miles) ... We
specifically invite comment and suggestions regarding the additional conditions
that would be applied in cases where the proposed spacing standards cannot be
met and the manner in which such conditions should be applied to achieve an
appropriate balance between DTV and land mobile interests.

In footnote 96 of the Sixth Further Notice, as amended, there is a list of one co-channel and
12 adjacent channel cases where the spacing standards are not met in the proposed
allocation table that is subsequently presented in Appendix B of the Notice. These are
shown in Table B-1 below. Also shown in Table B-1 is LM channe! 16 in New York
which is presently used by public safety, and for which some provision was made in the
implementation of the allocations. The LM licensees assigned in these channels may
encounter interference that can severely degrade the performance of their systems.

TABLE B-1

CHANNEL DTV CITY CO/ADJLM LM CITY SEPARATION,
NTSC DTV LOCATION CHANNEL LOCATION km(MILES)

8 16  New Haven, CT Cco 16 Boston, MA 188(117)
52 15 LosAngeles, CA ADJ14/16 Los Angeles, CA 25(16)
14 15 San Mateo, CA ADJ 16  San Francisco, CA 10(6)

10 15 Providence, RI = ADJ 14/16 Boston, MA 58(36)
8 16  New Haven, CT ADJ 15 New York, NY 115(71)
62 16 Frederic, MD ADJ17  Washington, DC 53(33)
55 16 Kenosha, WI ADJ 15 Chicago, IL 74(46)
9 17  Manchester, NH ADJ 16 Boston, MA 82(51)
4 18  San Francisco, CA ADJ 17  San Francisco, CA 3)

9 18 Secaucus, NJ ADJ 19 Philadelphia, PA 129(80)
18 19 San Bernardino, CA ADJ20  Los Angeles, CA 53(32)
13 21  Los Angeles, CA ADJ 20 Los Angeles 25(16)
65 21 Vineland, NJ ADJ20  Philadelphia, PA 22)

8 16 New Haven, CT CO 16 New York, NY 111(69)



The geographic separation of the proposed DTV stations is, as the Sixth Further Notice
stated, less than the proposed spacing standards. In at least two cases, the proposed DTV
station is within the same metropolitan area. On the surface, the possibility for interference
appears to be very high.

In this appendix we will compute the interference close spacing may produce in LM
receivers and discuss the ramifications of such interference. Some possible ways that the
interference can be reduced will be proposed, and in cases where it remains too high,
recommendations will be made for mitigation of the interference by other means.

2.0 DTV INTERFERENCE SOURCE

2.1 Measured Spectrum

Figure B1 shows the measured spectrum of the channel 53 DTV signal, after the band pass
filter, that was tested last year in Charlotte, NC. The Occupied Bandwidth is reported to
be 5.38 MHz, and the small peak on the left side is the pilot carrier. This spectrum was
measured in the peak mode on a TEK 2712 spectrum analyzer. It is reported that the peak
to average ratio is 6.5 dB, and for this analysis, we will assume that the signal is noise like.

It is evident from inspection that the signal is approximately flat over the occupied
bandwidth.

This signal was measured with a 300 kHz resolution bandwidth, but the relative difference
between that and the signal measured with a narrower resolution bandwidth will be
assumed to be about the same (i.e. the picture will look the same, except the levels will
change by a constant 10 dB). The one area where a small difference will appear is on the
large slope near the DTV band edges where the width of the spectrum will be reduced by

about half of the difference between the 300 kHz resolution bandwidth and the narrower
bandwidth.
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2.2 Proposed Mask

The Fifth Further Notice of Proposed Rule Making, FCC 96-207 proposes a specification
for the out of band performance for DTV transmitters, and Figure B2 shows the mask that
results. The measurement bandwidth was specified as S00 kHz, and the equation for the

mask, where A is the attenuation in dB and f is the frequency referenced to the center of the
band is:

A= 0 3<f <3

A=-35-(|f|-3)*2/144 9<f<-3,3<f<9

A=- -w<fc-9 9<fc
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Figure B2 ATSC Standard Mask for DTV

The spectrum in Figure B1 appears to very closely fit within the mask of Figure B2,
though we note that the resolution bandwidth of the analyzer was less than the proposed
requirement of 500 kHz. However, we consider the Figure B1 spectrum a work in
process. It is reported that efforts are under way to reduce the out of band emissions by
direct means within the transmitter. Then RF filtering after the transmitter may not be
necessary to bring the adjacent-channel performance within the proposed mask, and the
spectrum produced will not be as shown in the Figure. However, it is not clear how it will
be possible to meet the Intermodulation (IM)*? performance necessary in the transmitter
without such filters. So the final spectrum shape is not known at this time

32 Intermodulation occurs in a transmitter when two or more signals are present and
encounter non-linearitys therein. The most troublesome is called third order
intermodulation where two new signals are produced with frequencies that are the sum and
difference of the frequencies of the signals impressed on the non-linearity. These can fall

on the frequency of a nearby land mobile or other receiver and cause significant
interference.



Further, the Commission stated in FCC 96-207°* that the mask may be required to be
changed. So, the final mask as well as the final spectrum are not known at this time.
However, the data in Figures B1 and B2 show a certain capability, and will form the basis
for the analysis reported herein.

Co-channel interference comes directly into the LM receiver with the full power of the
portion of the DTV transmitter that is within the IF bandwidth of it’s receiver. This energy
is limited only by the path loss between the two stations, the polarization of the wave as it

propagates, and the gain and polarization characteristics of the transmitting and receiving
antennas.

Adjacent-channel interference comes from the energy in the side bands of the spectrum of
the DTV transmitter that also comes directly into the LM receiver. This energy is limited
by the same factors that limit co-channel interference, but in addition, it is limited by the
ratio of energy in band to that out of band. Each of these will now be analyzed in turn.

3.0 CO-CHANNEL INTERFERENCE

Co-channel interference depends on the ERP of the DTV transmitter and the amount of that
DTV signal that is within the narrow band IF of the LM receiver. Therefore, it is
dependent on the gain of the LM antenna, propagation loss between the antennas of the two
stations, and the polarization characteristics of the antennas of the two stations and of the
medium between them. The most sensitive LM in the receiver, and the one which is at the
greatest height is located at the LM base station. The typical antenna height varies from a
low of about 200 feet in small suburbs to a high of several thousand feet when the station is
located on a mountain top such as Mount Wilson in Los Angeles, CA. The factors
presented here will be investigated in turn to determine the effect on LM base performance.

3.1 DTV Power

The ERP will be different for each DTV station, and ranges upward to 5 MW in the
allocation table in Sixth Further Notice. However, there is serious work going on to
decrease the DTV receiver noise figure so that the ERP can be reducing by 3 dB to 2.5
MW. So, for the analysis herein, 2.5 MW will be used to as a straw person.

3.2 LM Bandwidth

The typical bandwidth of LM receivers is about 15 kHz. The in band energy of the DTV
spectrum is approximately flat over the occupied bandwidth of the signal, so the portion of
the DTV transmitter power that is delivered to the LM receiver is reduced by the ratio of the

LM bandwidth to the DTV occupied bandwidth. The rejection of a DTV signal by the IF
of a LM receiver is thus:

DTV O.B. into LM IF = 10 log(15/5380) = -25.6 dB

3 Specifically, in paragraph 56 of the notice it says “If DTV stations are permitted to
operate in a co-located adjacent channel arrangement with average DTV power exceeding
that assumed value (12 dB below the co-located NTSC station's ERP), greater attenuation
of the out-of-band emissions may be required.”



3.3 LM Base Antenna . .
The gain of typical LM base antennas is 8 to 12 dB in the UHF bands; we will use 9 dB in
this analysis. There is a loss in the transmission line that connects the antenna to the base
receiver, and 2 dB will be assumed for this analysis.

3.4 Propagation Loss
The propagation loss depends on the separation between the antennas. For most cases of

co-channel separations that can be considered reasonable, the path is not line of sight. So,
for the analysis herein, the F(50,10) curves in FCC report R-6602 as implemented on a
computer will be used.>* The frequency of operation used in the analysis will be the center

of the 470 to 512 MHz LM - TV sharing band, 491 MHz.

3.5 LM Base Height

The R-6602 propagation curves presume that the receiver is located at a height of 30 feet.
However, as stated above, the LM base is at a much greater height. In order to scope the
problem, we will assume that the LM base antenna is located at a height of 1000 feet. A6
dB reduction in path loss for each doubling of height will be used for this analysis, and the
correction that results is 20 log(1000/30) = 30.5 dB.

3.6 LM to DTV Geographic Separation

For this general analysis, the separation between the LM and DTV stations that will be used
is the standard co-channel spacing as stated in FCC 95-317; this is 250 km. Typical
heights of existing NTSC stations also vary, but in general they are higher than LM
stations. For the general analysis herein, a HAAT of 2000 feet will be used. It is noted

that this is the proposed “maximum permissible specification” for HAAT for future DTV
allotments

3.7 Polarization '

LM antennas are vertically polarized, with typical cross polarized response from -10 to -30
dB. TV antennas were historically horizontally polarized, and the cross polarized signal
was 20 to 40 dB below it. But circular polarization has been used of late where there is 0
dB between the horizontal and vertical signals. Also, there are TV transmitter antenna
designs that radiate horizontal polarization in the horizontal plane, but off axis, at
significant angles up or down there can be a vertically polarized component that is only -6
dB from the Horizontal.*® For this general analysis, we will use 20 dB of cross

polarization protection, and recognize that each specific case, where a potential problem
exists, will need to be studied in detail.

3% Algorithm for Computing Field Strength for FM and TV Stations, MM 88-56,
November 1987.

3 Such antennas as the Zig Zag antenna sold by RCA and the Helical antenna sold by GE
in the 1960’s fall into this category. There is a vertical component to the radiating element
of these antennas, and alternating segments of that vertical component are out of phase. In

the horizontal plane, they therefore cancel, but off axis the space phase does not permit that
cancellation.



3.8 Co-Channel Computation

The co-channel interference power can now be computed using the factors that have been
developed.

2.5 MW DTV transmitted ERP 94.0 dBm
Coupled into LM IF -25.6 dB
Cross Polarization -200 dB
F(50,10) Path Loss @ 250 km, 2000 ft -179.2 dBd
LM Antenna Height Correction 30.5 dB
Land Mobile antenna Gain 9 dBd
Land Mobile Coax loss -2 dB
Received DTV interference power -93.3 dBm

This computation was made using the F(50,10) curves where 50 percent of the locations
receive the stated level of interference 10 percent of the time. This level of interference is
very severe considering that the typical sensitivity of a LM base receiver used in the UHF
frequency band is 0.5 uV or -113 dBm. However, because of Rayleigh multipath fading,
the useful sensitivity is degraded by 10 dB to -103 dBm. In order to obtain this sensitivity
it is necessary to have a Signal to Noise plus Interference ratio [S/(I+N)] of about 7 dB or
at a level of -110 dBm. Thus, the computed received interference power would degrade a
LM base receiver by a total of 110 - 93.3 = 16.7 dB. In the future, as digital systems

become more common, a higher S/(I+N) will probably be required, and this will only make
the situation worse.

3.9 The Effect of Co-Channel Interference

LM receivers at the heights described herein are used in two frequency repeaters. These
high sites permit wide area coverage over a metropolitan area, typically 30 to 40 miles in
radius. In this way, cost effective communications are provided to the users for dispatch
service. Such a situation is shown in Figure B3. There are several mobile radios that can
communicate through the repeater when there is no interference. When there is interference
at the base site, the interference reduces the range of coverage, and it is possible that some
of the units will not be able to communicate. By geometry, with a reduction of 29 percent
in range, the area of coverage will be cut in half.
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Figure B3 Interference Range Reduction Illustrated

3.10 Proposed Close Co-Channel Stations

The one reported case of co-channel interference that does not meet the spacing standard set
up by the FCC is between LM use of channel 16 in Boston, MA and New Haven CO
which are separated by 188 km (117 mi.). A potential second case is Channel 16 that is
presently used by public safety in New York City. And finally, there are several DTV
stations that are assigned co-channel to LM licensees that are spaced less than the spacing
that has historically been used, 340 km (212 mi.). These include the use of:

channel 15 in Lansing, MI LM in Chicago at 286 km (178 mi.)

channel 18 in Roanoke, VT LM in Washington, DC at 333 km (207 mi.)
channel 15 in Providence, RI LM in New York at 254 km (157 mi.)
channel 14 in El Centro, CA LM in Los Angeles at 336 km (210 mi.)
channel 16 in Yuma, CA LM in Los Angeles at 335 km (209 mi.)
channel 14 in St. Petersburg, FL. LM in Miami at 307 km (191 mi.)

There are other proposed co-channel assignments that are at a spacing less than 340 km,
but they all involve a proposed DTV ERP that is below 300 kW. However, there is
potential interference for the LM stations involved in the list above. Detailed analysis



could be made, but the exact parameters for the DTV station are unknown at this point.
These include antenna horizontal directivity, polarization, final power, etc.

3.11 Recommended Co-channel Interference Criteria

There have been cases of interference of TV transmitters in the past, on an adjacent channel
basis. The present FCC rules in §73.687(E)(4) only allow 17 dBy of vertically polarized
field strength within a 30 kHz wide bandwidth including the LM receiver at the LM site
from TV channel 14 and 69 NTSC transmitters. Conversion of that field strength to
power into a matched 50 ohm dipole and using the 9 dB of antenna gain and 2 dB of
transmission line loss above yields a signal of -107 dBm into a 15 kHz LM IF. This
would result in a degradation of sensitivity in the case above of 3 dB, and this is probably
acceptable. Therefore, it is recommended that this rule be implemented to include co-
channel operation of DTV transmitters in the channel 14 through 20 bands.

3.12 Interference Mediation

It is believed that technological solutions exist that can permit DTV stations to operate at the
spacings shown above within the recommended criteria. Horizontal directivity can be used
to reduce the signal radiated from the proposed DTV transmitters in the direction of the LM
sites. The use of high vertical gain DTV antennas with beam tilt down may be ible in
some cases on high sites. Further, it may be possible to take advantage of terrain features
to optimize the path loss between the DTV and LM stations. And finally, in some cases it

may be necessary to reduce the transmitted power somewhat to affect acceptable
performance.

4.0 ADJACENT-CHANNEL INTERFERENCE

The out of band interfering signal from a DTV transmitter is determined by the same factors
that determine the co-channel signal, and in addition by the ratio of DTV in band to out of
band spectrum levels (at the frequency of the LM victim receiver).

4.1 Adjacent Channel Protection

From the spectrum in Figure B1 and the mask in Figure B2, the level of the energy just
adjacent to the DTV channel is 35 dB from the average level of the in band signal. With
this factor, and the material above, we can now compute the received signal from a DTV
adjacent channel transmitter at the specified separation of 176 km.

4.2 Adjacent Channel Computation

2.5 MW DTV transmitted ERP 94.0 dBm
Out of band emissions -35 dB
Coupling into LM IF -25.6 dB
Cross Polarization -20.0 dB
F(50,10) Path Loss @ 176 km, 2000 ft -166.7 dBd
LM Antenna Height Correction 30.5 dB
Land Mobile antenna Gain 9 dBd
Land Mobile Coax loss -2 dB
Received DTV interference power -115.8 dBm

It thus appears that the separation standard for adjacent channel performance of DTV into
LM is adequate for the effective receiver sensitivity of -103 dBm and interference power of
-110 dBm described above. However, as the spacing is reduced, there comes a point
where there is not enough isolation between the two. Figure B4 shows the F(50,10) path



loss between the two assumed stations using the R-6602 curves obtained from the
reference in footnote 3. The spacing at which the path loss is reduced by 5.8 dB to 160.9
dBd and therefore the interference power is increased by 5.8 dB to -110 dBm is 92.2 miles
(148.4 km).
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Figure B4 F(50,10) Path Loss Between 1000 and 30 Foot High Antennas

4.3 Proposed Adjacent-Channel Short Spaced Stations

The list of stations proposed by the FCC is shown in Table B1, These include one DTV
station that is only 3 miles (4 km) from the center of the LM city of San Francisco, CA. If
a LM station were located at the center of the city, the F(50,10) path loss would be less
than 110.6 dBd as shown at 10 miles in Figure B4 above.

The total path loss between antennas includes that labeled F(50,10) and labeled LM
Antenna Height Correction in the preceding computation. Path loss that is this small only
occurs 10 percent of the time and results from ducting or two path addition at the receiving
antenna. At geographic spacings that are equal to or smaller than the line of sight between
the antennas, the height correction is reduced from that computed from the 6 dB per
doubling algorithm used previously. At the assumed antenna heights used herein, 2000
and 1000 feet for DTV and LM respectively, and spacings less than 30 miles, the height
correction is essentially zero. Using the procedure in section 4.2 with this change, the
total received interfering signal, at or less than the 10 mile spacing, is -90.2 dBm or

greater. Any such LM station, therefore, would experience severe and unacceptable
interference.

4.4 Recommended Adjacent-Channel Interference Criteria

Not all DTV stations will be located nearby LM facilities, therefore it is not prudent nor
necessary to reduce the adjacent channel levels in the proposed FCC mask. However,
some action is indicated. The criteria in the present FCC rules in §73.687(EX4) are
therefore also recommended for use in this co-adjacent channel case as they were for the
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co-channel case discussed previously. Any LM station experiencing interference would
thus have the same recourse to tum to.

4.5 Interference Mediation

In addition to the techniques described for co-channel stations, there is the possibility that
RF filtering can be used. This solution has been used on NTSC stations in the past, and it
is believed that it can be used for some level of protection for DTV. There are several
practical implementation issues about the filter response for linear signals that must be
resolved. But a band pass filter was successfully used on the DTV test transmitter in the
Charlotte tests, so it is only real question is what level of filtering can be provided.

There are some LM facilities that are less than 10 miles from proposed DTV stations. In a
few such extreme cases it is not feasible from a technical standpoint to provide enough
filtering to bring the interference to an acceptable level. Therefore, the only possible
solution would be for the LM licensee to be retuned to an acceptable vacant nearby channel,
if any are available, farther away from the DTV station where interference is not a problem.
The expenses for such a retuning would be born by the TV station.

5.0 CONCLUSION

The potential interference from a DTV transmitter operating co-channel and adjacent-
channel into Land Mobile base receivers has been computed, and severe interference can
result from station allocations proposed by the Commission. There are economically
viable technological solutions that can be applied to reduce most such interference to
acceptable levels on the channel presently occupied by the LM licensee. Therefore, it is
recommended that the existing FCC rules in CFR 47 part 73 paragraph 687(E)4) be

extended to apply to all new TV stations operating on TV channels 14-21 both co-channel
and adjacent channel to LM stations.

In extreme cases, where such solutions are not feasible from a technical basis and there is
agreement between the parties involved, it is recommended that the LM licensee be retuned
to an acceptable vacant nearby channel where interference is not a problem, with reasonable
expenses to be born by the TV station.
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